Introduction
Total knee arthroplsty (TKA) was first introduced in the 1960s as a new modality for pain relief and functional improvement in patients with degenerative arthritis or rheumatoid arthritis. So far, there has been much improvement in the TKA and various types of implant prostheses have been developed for the surgical procedure [1] [2] [3] . Of those, the New Jersey low contact stress
Between September 2005 and July 2007, 162 cases of TKA were performed using the APG LCS Complete (DePuy Orthopaedics Inc.) system at our institution. Of those, 117 patients (130 cases) who were available for ≥5 years of follow-up were enrolled in this prospective study. The mean follow-up period was 68 months (range, 62 to 84 months). The excluded 25 patients (32 cases) were either lost to follow-up or unavailable for regular followup due to death (3 patients, 4 cases), unmet inclusion criteria (6 patients with rheumatoid arthritis, 9 cases), change of residence (12 patients, 15 cases), and advanced age and severe internal diseases (4 patients, 4 cases). All of the patients were female except for 13 males, and the mean age of the total study population was 70.3 years of age (range, 52 to 78 years) ( Table 1 ). The indication for TKA was degenerative arthritis in all cases, and rheumatoid arthritis was an exclusion criterion. The inclusion criteria were the presence of an intact posterior PCL, ≤20 o varus deformity, ≤15 o valgus deformity, and ≤30 o flexion contracture. Patients with a knee joint infection or a history of TKA or trauma-related surgery were excluded from this study. All the operations were performed by the same surgeon. A longitudinal midline skin incision was made over the knee joint and the joint capsule was incised through a medial parapatellar approach. Soft tissues including the ligaments and joint capsule were released, and the infrapatellar fat pad was removed in all cases. During bone resection, a gap technique was used for flexion-extension gap balancing. Proximal tibial resection was performed using an extraedullary alignment guide with the posterior tibial slope set at 3 o −5 o . Distal femoral resection was done with an intramedullary alignment guide positioned to create a 5 o valgus angle, or a greater angle in the severe varus knee.
Patellar resurfacing was not carried out in all cases. Although the integrity of the PCL was assessed in the preoperative physical examination, the APG LCS system was used only when the ligament was intraoperatively confirmed to be intact with naked eyes and maintain normal function. In all cases, the femoral and tibial components were fixed with cement. Before closure of the surgical site, a physical examination was done to confirm the presence of ≤5 mm anteroposterior instability. Quadriceps femoris exercises were started from postoperative day one. Drainage was removed 2−3 days after surgery depending on the wound condition and knee joint exercises using continuous passive motion machine were initiated. Weight-bearing was allowed when active lower limb elevation was possible. Ambulation with a walking aid was commenced on the 4th−7th postoperative day. In principle, the assessments were performed before surgery and at 3 months, 1 year, 3 years, and 5 years after surgery. Although not all patients did attend every follow-up visit, the final 5-year postoperative assessment was conducted in all patients. Clinical evaluation was based on the American Knee Society Scoring System (knee score and functional score) 7) and Oxford knee score 8) for subjective satisfaction rating. The knee score was measured on a 100-point scale to assess knee pain, joint stability, range of motion, flexion deformity, and joint deviation angle. The functional score was rated on a 100-point scale to assess the ability to walk and climb up stairs. Joint stability was assessed by physical examination, which was followed by roentgenographic stress test, if excessive anteroposterior instability or posterior tibial sagging was noted, to determine the level of instability. A ≥5 mm difference in the posterior translation distance on the lateral and posterior stress radiographs taken with the knee in 90 o flexion was considered as mild, a ≥10 mm difference as moderate, and a ≥15 mm difference as severe. On the radiological evaluation, the location and fixation status of the implant and limb alignment were assessed according to the Knee Society Roentgenographic Evaluation and Scoring System 9) using preoperative and final follow-up anteroposterior and lateral standing views. To assess the implant location, the valgus angle of the femoral component (α) and the varus angle of the tibial component (β) were measured on the anteroposterior view, and the flexion angle of the femoral component (r) and the posterior tibial slope of the tibial component (σ) were measured on the lateral view. The femorotibial angle (anatomical axis) was measured using the method of Bauer et al. 10) on the anteroposterior weight-bearing radiograph due to its relative convenience: the acute angle between the longitudinal axis drawn along the center of the femoral shaft and that drawn along the center of the tibial shaft was measured to determine varus/valgus alignment. On the implant fixation status assessment, the sum of radiolucent lines measured in mm in 7 regions on the lateral view was calculated for the femoral component, whereas the sum of radiolucent lines in 7 regions on the anteroposterior view and in 3 regions on the lateral view was calculated for the tibial component: a value of ≤4 was considered suggesting non-progressive radiolucency; 5−9, requiring close observation; and ≥10, indicating high probability of failure regardless of the presence of clinical symptoms 11) . Statistical analysis was done using SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). The pre-and postoperative clinical score, range of motion, and femorotibial angle were compared using the paired t-test.
Results
The mean range of motion was improved from 107. ) at the last follow-up (p<0.001). The mean knee score and functional score increased from 39.15±10.75 points and 42.04±12.66 points, respectively, to 71.24±13.92 points and 75.58±17.72 points, respectively, between the preoperative and last follow-up examinations. The Oxford knee score for subjective satisfaction decreased from a mean of 42.88±5.95 points preoperatively to 23.09±5.78 points at the last follow-up, indicating patients were satisfied with their results. The clinical improvements were statistically significant (p<0.001) (Fig. 1) ), respectively. Radiolucent lines were observed in 17 of 130 cases (14%): <1 mm on the anteroposterior view of the tibia in 5 cases, <1 mm on the lateral view of the femur in 9 cases, and ≥2 mm around the femoral component in 1 case and around the tibial component in 2 cases. The sum was less than 4 points in all of the 14 cases with <1 mm radiolucent lines, showing no clinical significance. In the 3 cases with ≥2 mm radiolucent lines, except for the case with aseptic loosening, progression of radiolucency was not noted on the follow-up radiographs.
During the follow-up, revision due to polyethylene insert wear was not required in any cases, but polyethylene insert dislocation due to trauma occurred in 1 case, and aseptic loosening was noted in 1 case and posterior instability due to PCL insufficiency was observed in 6 cases. The polyethylene insert dislocation resulted from a slip and fall accident on the day of discharge from hospital. Dislocation of the 12.5-mm polyethylene insert was accompanied by surgical site laceration, which was treated by debridement and irrigation and revision surgery using a 15-mm polyethylene insert. The patient showed satisfactory results at the final follow-up without any abnormal findings. The aseptic loosening that was identified at the 3rd postoperative year followup examination appeared to have progressed at the 5th postoperative year follow-up, but it has been kept under observation without treatment due to the absence of symptoms. The presence of posterior instability was observed 1 year after surgery in 1 case, 3 years after surgery in 3 cases (Fig. 2) , and 5 years after surgery in 2 cases, all of which did not show any sign of progression. The level of instability was mild in 3 cases, moderate in 2 cases, and severe in 1 case. We recommended surgical intervention for the latter 3 cases. However, they declined further surgical treatment because of the lack of difficulty in performing daily living activities and the advanced age. Thus, they have been kept under observation with proper conservative treatment involving muscle strengthening exercises and application of a brace.
Discussion
Comparison between the APG LCS system and the RP system, its previous model, has been demonstrated in many studies. Compared to the RP system that allows a limited range of anteroposterior and mediolateral gliding movement, a bar incorporated into the tibial component of the APG LCS system facilitates greater anteroposterior gliding movement and rotatory movement in the knee after TKA. Kim and Kim 12) reported there was no significant difference between the RP system and the APG LCS system in terms of clinical scores and range of motion in 190 patients at 5 years after TKA. In contrast, Aigner et al. 13) reported that the mean range of motion was greater after TKA using the RP system. The APG LCS system did not result in notable improvement in femoral rollback and range of motion. In our previous study, the mean postoperative range of motion was 123.7 o in knees with the RP system 14) . In the current study, the value was 125.2 o in knees with the APG LCS at the last follow-up. Although it is difficult to make direct comparison with the previous study, the clinical results of the current study were relatively satisfactory and showed no remarkable difference with the results of TKA using the RP system described in our previous study. Although the mean final follow-up knee score (71.2 points) and functional score (75.6 points) were noticeably low compared to the other studies 6, 15) , the magnitude of improvement from preoperative scores was statistically significant. Considering that the range of motion at the final follow-up was comparable to that in other studies and the preoperative scores were also lower than those in other studies, we believe such low follow-up knee scores can be attributed to the subjective prejudice of the authors of the current study. In addition, we recorded sense of discomfort, which was experienced especially during stair climbing, as the presence of mild or occasional pain in the final follow-up interview, which was one of the major causes for point deduction. The pain occurring during climbing down stairs may have been associated with the characteristics of the implant. In our opinion, however, quadriceps atrophy resulting from the lack of exercises after surgery could have significantly contributed to the development of pain. Component loosening after TKA that has been considered as one of the major causes of complication and treatment failure can be assessed by examining radiolucency on radiographs. The theoretical advantage of the mobile-bearing systems is to minimize the bone-implant stress while maximizing the joint congruity. Lee et al. 15) reported that the radiological results of TKA using APG LCS system were satisfactory at a mean of 63 months after surgery: the radiolucent line score was either <4 point or progression of the radiolucent lines was not observed in all patients. In a 7-year follow-up study by Hwang et al. 6) , although radiolucent lines were observed in 13 of the 183 cases (7.1%) after TKA using the APG LCS system, they were ≤2 mm non-progressive lines except in 1 case with substantial osteolysis. Although the prevalence of radiolucent lines was relatively high (14%) in this study, we believe it is difficult to attribute this to the use of APG LCS system. The radiolucent lines were not progressive in all but 1 case with aseptic loosening, and there was no case with significant loosening, such as implant subsidence or dislocation. In spite of this, we think a longer follow-up is necessary to confirm our analysis.
Despite the theoretical advantages of the unprecedented, distinctive design, the APG LCS system has been associated with various potential complications. Bauze et al. 16) noted anterior impingement in 28 of 400 cases after TKA using the APG LCS system, which they thought would be prevented with proper component modification or excision of soft tissues or fat pads. Hwang et al. 6) suggested the need for design modification based on the observation of implant dislocation and impingement for a minimum 7-year follow-up. On the other hand, Morberg et al. 17) emphasized more on the importance of the PCL integrity and tensioning rather than the implant design in preventing excessive instability. In our study, there was no case of anterior impingement, which we believe could be attributable to complete excision of fat pads during surgery. Implant dislocation, one of the most common problems of the mobile-bearing polyethylene insert, was observed in 1 case; however, it was caused by trauma. In our previous study, polyethylene insert fracture or dislocation occurred in 3 cases (1%) after TKA using the rotating platform 14) , whereas only 1 case of traumatic dislocation of the polyethylene insert was observed in the current study. This may be because we made more efforts during surgery to balance the medial and lateral ligaments in flexion and extension and to preserve the PCL, which was effective in preventing excessive flexion gap formation that is primarily responsible for implant dislocation. In addition, the anteroposterior gliding of the APG LCS system on the sagittal plane and the resultant efficiency in femoral rollback could have contributed to offset the mechanisms of polyethylene insert dislocation related to excessive flexion gap and rotation by multidirectional kinematics, which we believe should be investigated in further studies.
Anteroposterior instability after TKA using the APG LCS system occurred in 6 of the 16 cases due to PCL insufficiency in a study by Morberg et al. 17) during a 1-year short-term follow-up and in 12 of the 183 cases in a 7-year follow-up study by Hwang et al. 6) . Although 5 of the 12 cases (2.7%) in the latter study exhibited excessive instability, revision was not considered necessary. In the current study, instability related to PCL insufficiency was observed in 6 cases (4.6%), 4 of which occurred within 3 years after surgery. In our opinion, although it is difficult to rule out the possibility that PCL degeneration was the cause, minor iatrogenic injury to the PCL during surgery could have been responsible for the joint instability. In particular, considering that it is unavoidable to perform an excessive proximal tibial cut in a severe varus knee and the instrument is designed to have a 7 o posterior slope, some extent of damage to the tibial attachment site should occur, which could eventually lead to functional insufficiency. Taking this into consideration, we excluded patients with >20 o varus deformity from the study population. In addition, the RP was selectively used in knees with a narrow posterior flexion gap caused by tight PCL with a goal of obtaining 3 o −5 o posterior tibial slope to avoid resulting in an excessive flexion gap after PCL resection. In spite of this, posterior instability developed in the short-term follow-up in our study; thus, extra caution is advised in the selection of study population and surgical techniques. It is recommended to exclude patients with a history of PCL injury or preoperative posterior instability as much as possible and sacrifice the PCL in patients with severe joint deformity or progressive rheumatoid arthritis 18) . In knees with intraoperative PCL damage or insufficiency, suturing or augmentation should not be carried out. It is also advised to use the RP system without PCL release in knees with a narrow flexion gap due to tight PCL. In the absence of established treatment principles for PCL instability, further long-term follow-up studies should be conducted to determine the best form of treatment. Conservative therapy has been considered the treatment of choice in most cases, whereas functional instability followed by repeated effusion, limited range of motion, or constant anterior knee pain should be treated with revision surgery where the implanted APG polyethylene insert is replaced by a RP polyethylene insert 17) . In our study, conservative treatment involving muscle strengthening exercises was prescribed to patients with mild posterior instability, whereas conservative treatment using muscle strengthening exercises and a brace or surgical treatment was considered for patients with moderate or severe instability depending on the presence of clinical instability. The three cases with moderate or severe posterior instability did not present with considerable discomfort with daily living activities, and thus revision was not carried out.
The limitations of this study include that 1) not all of the patients were available for every follow-up session even though the study design was prospective, 2) the study analysis was based on the clinical and radiological data without addressing the kinematics of the mobile-bearing system, 3) the radiolucency between the bone and the implant was assessed from radiographs taken in different planes without using fluoroscopy, 4) there was no specific measurement method for posterior instability and the stress test was not conducted preoperatively or on the intact knee, thus comparison was not feasible, and 5) the follow-up period was relatively short considering that there are many mid-term and long-term follow-up studies on TKA using the APG LCS system. However, the significance of this study is that it provides analysis of the overall treatment results and complications of TKA using the APG LCS system, which would raise awareness of general considerations and precautions to take during the procedure and eventually contribute to the collection of data for further modifications of the implant.
Conclusions
The short-term results of TKA using the APG LCS system were relatively satisfactory; however, we believe more consideration should be taken regarding PCL insufficiency.
